the ER. Binding to p22phox stabilized gp91phox allowing subsequential trafficking and assembly of the functional NOX2 at the plasma membrane whereas binding to NRROS induced gp91phox trafficking to ER-associated protein degradation (ERAD) pathway (schematically summarized in Figure 1 ).
NOX2 is a major source of superoxide radicals produced by phagocytic cells during the oxidative burst. Thus, an important discovery made is that NRROS is downregulated in response to priming by pro-inflammatory stimuli including lipopolysaccharide and type II interferon. NRROS deficiency resulting from exposure to these stimuli caused the cells to respond to subsequent inflammatory challenges with an appropriately robust ROS burst required for killing bacteria and viruses. The kinetics of ROS production in stimulated NRROS-deficient versus wild-type cells was identical, suggesting that NRROS functions to establish the upper limit in the achievable levels of ROS production following phagocyte activation. These observations provide important insights into the widely recognized but poorly understood amplifying effect of basal inflammation on the subsequent activation of innate immune responses. The implication is that chronic exposure to low levels of pro-inflammatory mediators can exacerbate the availability of functional NOX2 by chronically repressing NRROS. In support of this idea, NRROS-knockout mice were better equipped to fight infection by L. monocytogenes and survived better in contrast to wild-type animals, consistent with the known effect of ROS in promoting pathogen killing. On the flipside, however, elimination of a central repressive mechanism limiting NOX2-derived ROS induced lethal encephalomyelitis (EAE) with rapid deterioration of the central nervous system in immunized NRROS-knockout mice [1] . A possible clinically relevant interpretation of this observation is that while severe oxidative stress facilitates elimination of pathogenic organisms, it can also overwhelm the host's ability to clear oxidized biomolecules which may trigger the onset of autoimmunity. The findings raise the intriguing question whether dysregulated ROS production during successive acute inflammatory events is conducive to the pathogenesis of autoimmune disorders. This concept also resonates with some earlier studies highlighting the effects of environmentinduced chronic systemic inflammation and the propensity of mammals to develop degenerative neurological disorders [2, 3] . For example, it was observed that exacerbated NOX2 activity underlies microglia-mediated neurotoxicity that can lead to Parkinson's and Alzheimer's diseases [2] . It was previously theorized that chronic low-grade inflammatory states promoted by exposure to environmental toxicants (air pollution, pesticides, etc.) primes microglia (the macrophages of the brain) to produce exaggerated amounts of ROS generated largely by NOX2 [3] . As demonstrated by studies testing this hypothesis, microglia from animals exposed to diesel exhaust particles produced robust bursts of ROS when subsequently challenged with lipopolysaccharides [2] . Levels of ROS produced by primed microglia were demonstrated to be neurotoxic to dopaminergic neurons and induce npg neurodegeneration in a mouse model [4] . Other studies showed that feedback signaling by NOX2-derived ROS limits TNFα and interleukin-6 expression by activated macrophages, which alleviated acute inflammatory lung injury [5] . The production of ROS by specialized systems is currently considered to be limited by cofactor and O 2 availability [6] . The identification of NRROS and its function indicates that on the contrary specific mechanisms exist to dynamically regulate the levels of ROS. Taken together, these studies suggest that budgeting ROS production is indispensable for safe interactions of the host with the environment. They also suggest that exacerbated ROS production leads to production of pseudo-antigens and oxidized biomolecules whose clearance may be the rate-limiting factor, and hence the necessity to limit their production by dampening ROS generation. This provocative hypothesis is consistent with the finding of higher levels of malonaldehyde (MDA)-adduct proteins after immunization in NRROSdeficient mice [1] . Another bit of evidence supporting this idea is the finding that administration of ROS scavengers after the onset of autoimmune EAE reduced the lethality of immunized NRROS-knockout mice back to wildtype control levels [1] . Although the levels of oxidized proteins were not assessed after ROS scavenger treatment, the near abrogation of autoimmune EAE by ROS scavengers administered after the onset of EAE indicates that resolution of ongoing oxidative stress (or the clearance of oxidized pseudoantigens) is sufficient to prevent further neurologic deterioration.
The role of ROS as mediators of tissue damage has been established (see reviews [7, 8] ). To date, much less is understood about the role of ROS in regulating the initiation, intensity, localization, and resolution of the inflammatory process. As the redox sensitivity of different signaling cascades varies, the concentrations and kinetics of ROS production are likely to shape specific inflammatory programs. Dysregulated ROS generation as shown by this study [1] is likely to cause detrimental effects produced by inflammation gone awry. Addressing questions related to the integration of redox signaling in inflammation and temporal control of differential ROS fluxes will further our understanding about the role of ROS in modulating inflammation and will provide exciting opportunities for therapeutic interventions. with p22phox stabilizes NOX2 in the ER and allows for the maturation and trafficking of NOX2 to the plasma membrane where it becomes functional. NRROS is a newly identified NOX2-binding partner in the ER. Binding of NOX2 by NRROS accelerates NOX2 degradation, and thereby modulates ROS production by reducing NOX2 level.
